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(54) MATRIX TYPE LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To prevent an afterimage phenomenon due 
to a structural alternation of the smectic layer of the 
display device which uses antiferroelectric liquid crystal 
and to decrease the number of voltage levels required to 
drive display picture elements. 

CONSTITUTION; The matrix type liquid crystal display 
device is equipped with a liquid crystal cell 1 which has 
(n) row electrodes Yl-Yn and (m) column electrodes X1 — 
Xm and also has (m) x (n) display picture elements 
formed by charging the antiferroelectric liquid crystal 
having one antiferroelectric state and two ferroelectric 
states according to an applied voltage, matrix driving 
means 22-24 applied with a 1 st driving signal which turns 
ON optional picture elements on one row electrode by^ 
switching the ferroelectric states of the liquid crystal 
and a 2nd driving signal which turns OFF the remaining 
picture elements on the same row electrode (into 
antiferroelectric state), and a means which applies a DC 
voltage having a voltage corresponding to the nearly 
center value of a specific voltage range of one polarity between the (n) row electrodes Yl-Yn 
and (m) column electrodes X1-Xm after the 1st and 2nd driving voltages are applied. 
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(54) i^cD^fw ^hvypzmi&ik&^&m 

(57) 
■5. 

im&l n4k<Dffmm <Y1, Y2 • - • Yn) tm 
&<DFim& (XI. X2 • • - • Xm) tSrWL. WllD 

tf&f&ZftZR&mm&m&l 3£itALTmn(l<aac 
*Bi^S^J«L}fcffiS-t;U 1 t. fgg 1 3 O&^i^KSg 

nztt5--?zTb')y?xwm^m (22, 23. 2 

4) S&l t^2 0KiHt^tr^bT— ©asftic 

t& it 5 j^©^^©^^ t z> m?. -r -5 




1 

fewmiztt iTM < t b—DOfc&mmwmt 2 ^co 

£& £lt A L Tm n ff9 (D^Hkmm £ Bffc b fc»a-fc )V £ W 

±.<Dm&<Dmm&oF Fm^~tz>wz 2 (DmmmH&tt^ 10 
-tzmiz* mm&ftnm&-mmmmmffl<Di /nam 

u v^xsKa^siawfcfc^T, mmK&mm&i&ik 

£^TMwm&%2^<D&mmttmm$:mmzxi 
>>/^%>z.ti)W$k. &r}ftmm£<nmfev>m£fo\z 
mi%mxx\$M'p\zfoCTmmK&mm&m§k<n^ 
mmwptz <£h^h*)y9 xmmizjttttsi txfUy 

z^mzmtTZMm&^frxtLT&f&zn. xm 
mm 2 mmmn t l tr»« *«ib^ s 

S««tt/^XtLTJg*S^n, fi^RIB 1 2 ©B 

«f>*fc«s-r*«ffi*#-r*a[*«^ftiiten*a)frti 
fc«BE*, mm£mm<DMmz&Dmn&<Dfrmmzim 

[0 0 0 1] 
[0 0 0 2] 

£fMBLfc*«S5N£BfcL #M^F2 - 1 5 3 3 2 2<D 

HTl«T5t, «flra¥*W*<tLT (1) 
iwrltXT'JyXm (2) MWBiffi&tf 

(3) jsiestts^L, ^*i&©»tt**ssjc5pjffl-r 

tltftt*©*-7^ty^«a-^»BBIB5 6- 1 0 7 2 1 6 



> #ri¥5- 1 1 9 7 4 6 

2 

fc, ss(wi«tt*a«>»tt*#afcw«Lfcvhu^x 

K»0)*ifett, #i¥2-2 3 0 1 1 7*^H#Hip2 
- 1 7 3 7 2 4 K«*aftTlr>S. -t£T836S*TO* 

45«»ftfc±njfR^«tt*a«D#tt*+»fc«»^ 

[0 0 0 3] 

3fc»«tt«a«««U«:«a***|t«C*l*Tt), HT 

S«fBBH— <0S**fTt? &«-&Jcx * ^ ^ *y ^ Jf <£>*8i£ 

C0^S(i> «aftSf«BB»-r*Kfl!!IJCfleoTiE«tt©« 

»-r * tc * jc fc '> < a < <t *> 5 mm£i±(om 

EE** m^««ttt^&< <ht>3^«±<Z)«ff£®l$S 

a, *a***«*Kft-r*&«6<oiKft i c^mmm* 
±tfz> c t ss*T*r. mmmizitm^m^mmou x h 

[0 0 0 4] ffi^lWttifiX^^fy? 

»t"Sic*Ba:tiJBEu^;P(o»*ffl«-rsv h u ^xb 

[0 0 0 5] 

R«ttttta^M A Itm n L&jfca 
1:*tl»En*fi!)ff«*i:mftti!>W*«tflDBIJC, iftffi 

jK<0HX&OK&*-r«9B 1 ©BftB^iinEjlWSn 

fcff «a±©a*©H**o f F^-ra^ 2 ©ffi®ifg 
nztt^&miz* mm^nmm^-mmm^mmcD 1 

Afcv h U v^xaKa^SB^lr^T. itES^R 
«tt*atbTWiP«EEK<t0ttR5WI«*IBt, «« 

x^u vxt#-r*R3»«i«tt«asa«u HS^a 



(3 

3 

&<DHmmtm0k<DFm&t<Dmtztt^-?z>mzi,T-- 

mmvM L£«, mtmm^®&mzm 1 Rzsm 2 mm 
mHRzfz.nmizmm-r^mmfm<DmBEm^±x^ 10 
M&tvTzmfe** mmtmm&mmz&o&n&cDff 
mmtm&oMmmtomizw^zmizmf&ztiT^ 

[0 0 0 6] 

T, MESS 1 ft Sf§ 2 ■»«^*»»*fl!>«BEfttf *n 

«»ftfc«B»iftVjB2«««#t*tifc««rr5is 
*«^<d«ee «s<&* * g«-r 5 ctc^ rue * <t ^ 

EES:, m#:CC>^J«ffi{-H2a^«[EE : &S^S^LTA* 

*ictt'<T*ft<Tct^. *&, mmmimmmmzj: 
ica&x-f y^>y-r -5fc»i3x^ ^jiiffiecox 

[0 0 0 7] 

ff«« (Y 1, Y 2 * ■ • Yn) tm^^^Jiffi (X 40 
1. X2 • • • • Xm) tSStMC»T*«Cj*|fiiai3:-5 
JcoiCMISL/tSSffiSSl 1, 1 2IHJC. «JBEfflftJlC 

«i:**iaaicS3euT*ifisnsRs*R«tt»ai 3£ 

©^t»iisa#!anfcff««±a)a*<z)iB*&oF 
*?*3«2©B»«*ffctt4T**i;:, mm&nmm^ so 



> 4$g3¥5- 1 1 9 7 4 6 

y^XlftfB (2 2, 2 3, 2 4) *«A&"7HJ!y 
*Xffl*a**«Bfc*H>-t\ ttEEttfft«ttKa&L 

Ttt»«**2o©«BS«««IB**^:fcx-f y^>y 

***Xtt«*fc«UT»IEK«il*ttKa©3taW 

<tt»VhU!y? k7f'J5/XS 

«rr$i*aMK i 3 u niBBn^a^ 

1 mmm^t lt 2 o©aw«*jiwtx-f y?>^t 

-vcDx-r y^>^fft>nu^mm<Dm&'v^ciMmz^ 
Rtt6n##a^soiB*«#sa*^t)-&T— jama 

[0 0 0 8] *W4i»£&^aKcfc5fi-fJ38* 

[0 0 0 3] «3*«W©^MJy*Xffl«a**ISB 
* J: 0 JWfcttlClMrr *. £lT^ 1 14* jUKMDttaX 

<, *XltN(OlKl^Slll £9feSE«tttta#<&A 

i^*a^**10«tlXl, X2, -XmfttffT 
tiYl, Y2, -YniCttEtHnin-r-SCtKcfcO* 

skn*)v 1 *«»u sKa/^^mriR«m^»c«;K)t 

[0010] d^TSSa/x*;mi, ^2tc^t~a<, 

2 ftotiii 11,12 mtcKatRBttKa 1 3 && 

mas«i 114, B2ic^-ra<, awa/f5^«i 1 

a<Drt^ffi(C?B^T I TO (indium tin o 
xide) *l4KftXX^6a-5««IRl 1 b**j* 
U CO*|Rl 1 bK±T*filKfitMClBH*#-*-r 
£^<b(C<fcr), m KSLfcn*<0frS«Y 1 ~Yn 
fe**lftCSt^+fT*r*«#d6*nTlr>S. Sit 

mffis® 1 214, 1 1 tmmomx&mzti* 

m 1 iC^tfcm^^jmffiX 1 -Xm^ SfTmffiY 1 
-Yn lC*t LTB3£-f -5 J: "5 l:*»M*nTV^, 
^, ^tl^&fTSSY 1 - Y n&^jiffiX 1 - Xml; 
ctO, SttiHa/I^H «C»4, HI K7F-r$0<mxnB 



(4) &ffl¥-5- 1 1 9 7 4 6 

5 6 

nnfmmGi. G2. — g (m-n) «sns. 3ftft&t\zm-3^Tm&o>ft?<DGtmmituzi; 

[ooi i] i a, 1 1 bayp^mmtzu. m L^^mmf£+ v i -?yt0>mmmtfit<nm%imH£ 

5H^|16. 1 7tfttmtSftT^Z>. B#?Kl 6, 1 +V2Sr8A-5i^^SiS^*U 0 OXtts.*,. 

7©«iffi<Z>'>ft< fb-Jj^mmit. f£&#Tl 3 a [0 0 1 6] ^^0, L^^ttSJE&ffi^iS^ajW 

fc'^MSSrfToT^S. la. lib© Sig^«!JWtt^^9 0^fbT-5aBE<!:^«-r^tK 

Mint ^fii6, i 7<droiz, mimmv) Lzim&T<Dm&frz&&%imR.u±e>mf£&9iit-t 

®&mm&Zi.ii(Dmm®e>Bm*ttmhTh±^. zmizmm&izMmnttmfrzwaviWi^xi 

co o 1 2] -Aizm^±)vi o^©s«ssiMsi fznz&iztuz. x. mz$unmi£&+v2>z±<Dn 

3 an Aizz-oTit. s-r. &%?mi 6, 1 7co^t* w &fr<E>m'j>2ikz>m&z\i. mmomtoteftmcmit* 

>yM*W«fIl lb, l 2 blc^-fT (HJ^ffiSP ^S-Tlc. S3lc*-r«/ShX?'J^X**-rt>©T& 
KSB) <hfc.g>«IC«ffiSffil l. 1 2£¥fTlCffl*£ 

assg. K&mm&m&i 3W;ui. 4- (1 - [001 7] spts. K^-t^woDttj8{z*-5»#*^ 

4 ' -ti'f Wt->*;i-fcil,7i^-4 - AW TOtXftLttCgK &fnSJE + V46rFi:ft-5in;:J:D 

*->U-h£im£l.T*#tej£#<i:LT. =€i6B1?5i&£ Mm 0®.mzmt?Z>. -DtLt). L£^<gS 

ftifflLTPsmffifiSpgi i, 1 2miz&XV. ^<D&. JBE*^fiSftl«JEE(rBlM«JBE*^fl:$-&-5 < hKjgS-fe;l,t4 

ttig&ffl (SmCA-ffl) KftSic-eftSp-r*., CO 0 l 8] {SSttSBtt. WJlDilJEE>5tftCD1iJ£TS>.5*g 

C0013J z.o)mte%>m<D&m. mm^L^Kmm 20 ^icti^siTs&D. ^iKs-{r;KOBto«3g*^w©« 

^ttffiSl 3tt. S^all 6, 1 7(?)7h*>y7j[6j{c 88, iiJ:^»*eS8A^Bt05«Si^0D^ft{^^T-en 

fcoTEfaf^. It5^-Zi;UT-ce^fn fni/*V>i-Vl, -V3. 2fctf&fiJ«JEE-V2, - 

«s*bfcssfjea*« (fsis^ttti) T$>*a*, «is V4**n-€ f n*u-ct»*. for. wsa®E*+/- 

©Chandani 6©W3S Upn. J.Appl.Phys.Vol.28, (1989) V 1 «±fc*jrrntftt«*-fc*ttW©tt*£fcD. X 

p. 1261} t. ■tJi«)WP»«fe*t>-fe*L3tKIWI ffl«I«£ESX+/-V3aTlc««-n»iB«UI-t;i' 

««*lififc:fc-3 Tt-»***«W S jWc $ ft*:. fia&©tt&<h&-5„ 

[0 0 14] ±§B©«fc5fCfrSL;fcj8tii-te:;l,l 0 JCteig CO 0 1 9] X*-0>Ha>8lfttiiJE-?&ttf£. KKAtjl' 

*uTmmzmmwmmt<nT^te^ftm-camytmz *cki^** i *iw«sii:ohtk 

;H KiJ^T. P*g«« 1 1 , 1 2ffll;:«;Ui*S£ ^W«ffi«iK^JCTKi6T-5it«)©fflfflIgS4tt. 01 

16 1 1*61 2 0A$C*«£ftttt-S£KB#?l 3 IC*TJD<, fttffr&^SnfcRMtS^&Bflt?*-* 

att^0*XKtt?%-;*>h]Pfra£frfc:-E-«5&& <»: &*g8rr37 Is-A** U 2 1 £, yU- 

EJMEfcfcSii; (BP ft. ««tteoSifeS«ffi-9MI« />**'J 2 lfrSmfcx-^MEtBU ?Dyj|SW 

sotsjajficio^Ttttsi (tffjRiB) a^^was-ra >M3-jna&2 2t. 3>hD-;mjg&2 2 serosa 

W««K*fl:-r*. ±G&£ffl*<Dtt«£Bl2olft:«£ W«***I*T. ±§E6S^«i&G£ON*fc»iOFF 

t>H*©Ba-cw««ia:s*«. w#ffi©m*#rtitt tf«K»i?r*&»©«ffi ivasfcit-vai 

MIE<i{;£i£|6jj*©-0T*5. CiT. MA13CEA OliRSntONitttOF F4MB£ftj$-r«&a&0!>fl 

03i^Lfc*^tx^u^x^tt*s#^nfc. y i~y nizfvim-tz>ffmm^&ti<x<Dftmm®&2 

[0015] fiPft, S3t±fss-k;n oomnmmzm 3t. rac<3>hn-;nais2 2*&«>Mffe#«s 

^Kic«kt»aj^Lfc^$-*-rfcoT*-5. c¥oT. @ ®aai«ffi*±sBS5ij«aix i ~xmjcBiin-rsj>jB«i 

A— fe> K**Lfcffl*t&i@^£*Lfc fcWT&S. ^ [0 0 2 0] *fcfTlBS4|5I8l 2 3 fi. ->VhU^X^3 

*0. tt««a»*a>L«r^fll9 0 XgLkfciJHDlHB. It. x-^7-y?ia]K3 2i, Cni§IR33^e« 

XL*V»il 0XKT6»O«HtSat*t. ft-fllE ^I^^IbI^ 2 4 «. v7KP^X^4 It. x 

K»-tJPj»tBan«BEOVT»©«aiK*sttjfcj> 6 . 31 -^7->^®8S4 2<h. |fB»4 3^6|||«snT 
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u ~> x * l rmm-rz m 2 y 4 - )v h t«« s 
tn^txnmm (Yi-Yn) &D^j«a txi-x 
m) ^$iM2tiz>8zxDm&mm>*t>&z>o m4 u> 
fiff^ffi (Yi-Yn) izwmznz^mnm, 04 

(b) I45*j®a (Xl-Xm) izmmZftZfflmm^m 

[0 0 2 1] «T> H*SEB4CDffiift«^ ftf^^ltt 
W^. zi>hn-)l®ft2 2frt>0>MWmn$:gift 

t, fT^ffiv 1 -Yn «c*aEe**saj*-r*ffB»@B 

2 3fcoir>TBwrr*. ^TS5ic^r*D<. fTKi&m 

B2 3^)y7^yX^3 licit :2 > h d-;Hh!B2 
2#>S, Va, Vo, -Va, - V o<E>4 ^OjfeSfi-ff 
U^;UKl»lSbfc2tfy (BIT, ttttf 

-*t^5) D 1 , D2, t, ^"f-9\zn%\,t^ 
Qy?fl^CLli*«A»Sn, y7h^yX^3 1 
14, 0 6 (c) K^TflK. :©^Py*i^CLll: 
ctOitfflB^-^Dl, D2. *JH**«5&tT. 
[0 0 2 2] £/t0 5 C:tkT£0<, ^— v^SSS 3 
2 1:11 n>Kn—;HHlB2 2*^. @6 (c) lc^~r 
?uy?m^CL 1 <Dnfl#£-«S!tT£^D^M 
§CL2#A*Sn, ?-^^!y^I«IB3 2*4. C©^ 
Py*B*CL2fciO, 5/7M/yX?3 1l:iT© 
fr^SY 1 n(D7Emnn^-?D 1 , D2, 

[0 0 2 3] — *KftPr»3 3»4. ^5{^-r$D<. & 
fr««Yl-Ynlc#*LTBHtSft&, nfflCDT^n 
^yW^3 3al, 3 3a2, —3 3 ant, nf@<DI^;i, 
i/y9Z3b\, 3 3b2, •« 3 3 bnt^6*j«anT^ 
^fe&T^n^x-f 3al~3 3an£t4, flffi 

*6#ff««Y 1 -Yn tHHnrr^fc»©4ac!>^*e 
gp-£, Va, Vo, -Va, -Vo3*«tt|&anT45 
0. STj-nlfx^ 3al~3 3anfcli, £nS4 
«<Z>**fl9©rtO— " ^$rS9?WICfr«ffiY 1 -Ynt 

*l/t#U^y7^3 3bl~3 3bo{4. "T—$y 
y^H*3 2K:»«3n&ftff«*Y l-Yn*©** 

I^r-^^U^y7hlT, #irr&7^oyx-f 
*y^3 3al-3 3an«C«ftfi^di*-r^Ctlw«t 0, 
T^D^TW y^3 3al~3 3 aD3&*fr«« Y 1 — Y n \Z 

[0 0 2 4] dcoj;-5lcfTB»lil»2 314. n>hD- 
^B»2 2*»6a*Sns»ff**Y 1-Ynl:»t« 
**gff-^Dl t D2WPy^CLll:J;D 
JB*ffi0a*. ±fr««Y 1 -YnfC^-T^^jgft^? 
-?D1, D2«ttD&trft (KP*>^n^ff^CL2 

<D—mmm) tc> sffmeiY i-Yn^coepftisjBE^-^ 



[0 0 2 5] ™^a> hD— ;H3B2 2f4, 0 6 (c) 

nCL2<D-mmft{Z, 25 1 fr@CDfT^aY 1 
©fT«ttYniTJWlrtH*-r^*«, ?P-;^CL2 

ft. a**jeo»«t3a:5»«a>ff«« («t. jijrs 

*tir>5. ) «nc0^Sfs^^-^D 1, D2KJ4, R 

5i««tt*a©txT- , j>'X#tto*ra«Eta-5SB3 

•BE [VoXH-Vol *R£U S£?mScD;££fg^ 
i0 X-^D 1 , D2£#LT<0#s $«i*0)ON • OF 
F #ffi£SJ 0 pJtg&fg 1 RUm 2 mi£V a S&I4- 

v a £^rr *. 

[0 0 2 6] ifc3>hD«-JHilB2 2ft 06 (b) 
tC*vr&K, a#i«aS^oy^e#CL2a>2H«B<5 
C»lfTB©ff««Y l*5Il:«IU»*, 06 

(a) ic*-r»<, m9mm\zMTz>jk&m^T-?D 

1, D 2 t IT> ?Oy>t^CL2CDai)S»|iRi; 
»2««BT*n-e*tJBlRtf»2«BE-Va*fcVa 

*fc:i>ho-;Maiis2 2«. sir 

iz& oa««*««tt©ffm<iK:*3esftTHtf sk*b 
#»«««t&**T<3!>ni, 3tt«&ic3uirr*fli3* 
jEosft^:. *2«B£«)*tttni;«tt«cRje-r*. ^ 

£00 6 (a) fcS-r*D<, S^ffiCDS2mEE^iEO 
mjEET&ntf, *<0eatiR«aK:*4iE©»3«JEEVoa* 
BHTOStU a*!««<Z>fB2«JE*«ft(D«£E-VaT*n 

[0 0 2 7] *fcM«CH>hD-;H5rj»2 2 14, SSI fr 
a? S^frmaY 1 ^6JBlcfl«ll«flE*«M-r'&lli!«l**fT 

-r***, *iffB«>fT«aYi^i&«»fT©ff*aYn 
\zttTz>fflffl&—M.mT-tz>miz. HU5»fi/t*^ i 
— iaffi»©*ate*T"r*fl«c> s-fT^aYi-Yn^ 
coEpjpmEE^att^saieits^^atttc^r^c, ^tc 
3>hn— jngB2 2^6©«ma^*sitT5»j«ax 

[oo2 8] a7\z^rrm<. &mm&}&2 a<d>>7 h 

UvX^4 1tl4. n>ha— ;HeIB2 2**6, ±m<0 

grrON • OFF?"— ^DG«<fr^l*««KCjR%AAd 
n^t^lC. ■ta>A*^^3>ytW«LT^D ! yi>« 
*ICL 3**A*S*V5. 08 (b) (C7K-r^D<. -<DO 
N'OFFf^&^Dy?IS9CL3lt ±§a^U 
y^BfCL2©-flH© (1/m) 0^UTA*$ 
n, y7M/^^4Ut *D^?fi^CL3i:J: 
0, JD*;^CL20- H»S0lC±M«ax 1~ 
XmCOON • OFFf- ^DG^OatTo 
5^ [0 0 2 9] tfcB7KSf»<, 5r-^ ^ ty^HB4 
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5MhJS£4 2I4* ZUytrtnnCL 2(3ct0, y7hl/y 
1 ^e»4:TO^imffiX 1 -XmiOON • OFFt 

#&#I^ffiX 1 -XmODON * OFF ^ D G 

[0 0 3 0] ::T3> hU-)im&2 2 14, ji^me 
**S-T^flE, IP^^a^^e^CL2<Z)2H«B«lC, 
S^MS^OON • OFFt-^DG$:, 7 1/-^^^ 
U 2 1 ^^^^^clS^-^lcS^^'r^J;^ 
lC^nT^50, 138 (a) K^rfftK* £(Z>ON-OF 
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